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Fig. 1. The layered structure of MPX; materials.

Two-dimensional: Left to right: Layered semiconductors,
intercalation compounds and organic platelets
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Characterizing electronic states, and identifying carriers’ trapping
sites and their influence on: optical transitions and charge
transport properties

Methods: Contactless magneto-optical methodologies
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Content: What are the fundamental properties that control the
magneto-optical properties of nanocrystals

» Internal or/and external properties (inorganic/organic omponents
* The strong/medium/weak confinement regimes

» Electronic band structure of core & core/shell nanocrystals

« Single and multiple-exciton

« Exchange interactions

e Hot carrier cooling

« Auger process and a way to mitigate it

Single dot measurements reveal knowledge about the fundamental
points mentioned above



The role of ligands in colloidal quantum dots
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Ligands’ effect on hot carriers’ cooling and transport properties
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Strong confinement: R <<a_,

* Confinement energy is much larger than the
Coulomb interaction

* Coulomb interaction is treated as a

perturbation :. | /\’/
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Intermediate conﬁnemel.lt: R~a, . Annu. Rev. Condens. Mat. Phys. 5, 285 (2014)
* Confinement energy is comparable with the

Coulomb interaction

*  When m,>>m,, hole moves in a mean
potential created by strongly confined
electron

Al

™

Weak confinement: R >>aq,

* The internal motion of the exciton is bulk-
like (hydrogen-like spectrum)

* The exciton center-of-mass motion is
confined within the nanocrystal

A, optical density

4 1 |
300 350 400 A, nm

JETP Lett., 43, 376 (1986)



Excitonic fine structure
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Blinking and spectral diffusion
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ELECTRONIC PROPERTIES OF QUANTUM DOTS WITH ALLOY COMPOSITION
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Experimental Evidences
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Direct view of magneto-optical properties by a single dot
spectroscopy
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Cross Polarization Emission (B=0T)
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Influence of ligands on the transport properties
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STM Tip-DQD-Surface with Mechanical Coupling

Ist Measurement

V(g)= D( 2a(4-0) _ 9, ~at(g-q0) )

—"weak"
—"intermediate"
—"strong"

2nd Measurement
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Negative Differential Resistance

Negative Resistance:

Increase in voltage results in a decrease in the current
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Interesting synthesis issues: T 5
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Shell growth via post deposition
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